Introduction 28
The Barents Sea is a unique and highly sensitive shallow water polar ecosystem, highly susceptible to 29 changes in converging ocean currents (Sakshaug, 1997). The Barents Sea is one of the world's most 30 productive seas, in particular around the oscillating ice edge (Sakshaug, 1997). In recent decades, the 31
Barents Sea has experienced a fast growth in human activities, which is expected to continue and further 32 diversify in the coming years. Of particular concern are activities related to the petroleum industry, 33 including release of drill cuttings to the seafloor. Drill cuttings are by-products of both oil-and gas 34 drilling and contain fine-grained slurry of rock and heavy metals. It is of importance that such deposits 35 are accurately monitored and managed. One way of monitoring environmental impact is by assessing 36 changes in the seafloor fauna (bio-monitoring) (WFD, 2000) . Following the EU legislation, the impact 37 of enhanced environmental pressure is assessed by the extent of deviation of the benthic community 38 clay deposits (Wilson et al., 2011) . Three main water masses prevail in the Barents Sea: Atlantic Water 87 (AW), Arctic Water (ArW) and Coastal Water (CW) (Fig. 1) . Additionally, a mixture of AW and ArW 88 can form the local Barents Sea Water (BSW) (Hopkins, 1991) , with temperatures around 0 °C and 89 salinities of 34.4-35. CW (> 2 o C, < 34.7 ) (Loeng, 1991) is transported northwards along the Norwegian 90 coast and is confined to the south western part of the Barents Sea. AW is characterized by higher 91 salinities and temperatures (>35; >3 o C) (Loeng, 1991) . ArW enters the Barents Sea from the north and 92 has low salinities (34.3 and 34.8) and temperatures (-1.5 o C ), resulting in seasonal formation of sea ice 93 (Loeng, 1991) . In the Barents Sea, dense AW descends under the colder ArW, resulting in the formation 94 of the oceanic Arctic Front (AF). At the AF, high nutrient availability results in increased primary 95 production, especially just south of the front (Sakshaug and Slagstad, 1992). The maximum sea ice 96 extent occurs between February and March, while the Barents Sea might be completely ice free from 97 late summer to autumn (Vinje and Kvambekk, 2001 ). The inflow of AW, and hence salinity and heat, 98 as well as variations in sea ice extent and location of the AF, have large effects on the Barents Sea 99 ecosystem (Loeng and Drinkwater, 2007) . 100
Metal concentrations were analyzed by UniLab AS, Fram Centre in Tromsø, Norway. Samples were 124 homogenized and sieved through a 2µm mesh size before being decomposed with nitric acid. 125
Concentrations of barium (Ba), cadmium (Cd), copper (Cu), chromium (Cr), lead (Pb), titanium (Ti) 126 and zinc (Zn) were analyzed using inductively coupled plasma atomic emission spectroscopy (ICP-127 AES) or inductively coupled plasma sector field spectroscopy (ICP-SFMS), depending on the 128 concentrations of the metals in the samples following Mannvik et al., (2011) to identify a minimum of 300 specimens per sample (Schönfeld et al., 2012). However, due to low 137 foraminiferal density in some samples this number was not always reached, especially not for the live 138 assemblages. Statistical studies based on a large number of paleo-ecological datasets, demonstrated that 139 a sample size ranging between 25 and 60 specimens effectively produced the same multivariate result 140 as samples based on a larger amount of specimens (Forcino, 2012; Forcino et al., 2015) . Therefore, in 141 case of samples with low amounts of specimens, we considered identification of 60 specimens as a 142 minimum to consider the identified specimens as representative of the assemblage. 143
Foraminifera were identified following the generic classification of Loeblich and Tappan (1987) and the 144 holotype descriptions in the Ellis and Messina catalogues (Ellis and Messina, 1940-1978) . 145
Nomenclature follows largely the accepted species names published in the WoRMS database (Mees et 146 al., 2015) . Some species were grouped during identification, see Supplementary data B for taxonomic 147
notes. 148
Flux was calculated following the method of Ehrmann and Thiede (1985) : 149
where SAR is the sediment accumulation rate. Bulk density was calculated from the sediment water 151 content and porosity, with assumption of an average mineral density of 2.45 g/cm 3 . Sediment 152 accumulation rates were calculated at 1 cm resolution via 210 datable core interval. As the main objective of the study is to reconstruct natural variability in the Barents 161
Sea since 1800 CE, we discard samples older than ca.1800 CE (Fig. 2) . The excess 210 Pb depth profile 162 of core 902 shows an increase in excess 210 Pb between 5-9 cm core depths, compared to the interval 163 above, indicating a possible disturbance of the core. Therefore care should be taken interpreting the ages 164 and sedimentation rates assigned to this core interval, i.e. 1967-1995 CE. 165
The average sediment accumulation rates per core, based on the Constant Initial Concentrations model, 166 are: 0.94 mm/year (core 993), 0.67 mm/year (core 893), 1.2 mm/year (core 897), 1.8 mm/year (core 167 902) and 2.0 mm/year (core 903). Hence sediment accumulation rates increase towards the north of the 168 transect. 169 170
Results 171

Grain size analyses and TOC 172
The cores are dominated by the fine fraction, i.e. silt (2-63 µm) and clay (< 2 µm) (Table 3; Fig. 3 ). The 173 fine fraction has average values between 78 to 90 % of the bulk sample material in all cores. In core 174 993, 897 and 903, the sand content increases towards the core top, while in the other cores the opposite 175 trend is observed (Fig. 3) . 176 TOC values are highest in core 903 (average value 2.1%) and lowest in core 993 (0.6 %) (Fig. 3) . Core 177 893 (average 1.0 %) and 897 (1.1%) show increased TOC contents towards the present. Core 993 shows 178 a decreasing trend until 7.5 cm core depth, hereafter the TOC content increases towards the present. 179
Core 902 (2.0%) and 903 (2.1%) have a relatively high but stable TOC content. 180 181
Heavy metal concentrations 182
Metal concentration ranges and average values are summarized in Table 3 
Fossil fauna 204
In total, 58 different taxa were identified; 50 calcareous and 8 agglutinated taxa (Supplementary data 205 B). As most of the taxa were calcareous species, the number of species of the total fossil assemblage 206 (agglutinated + calcareous taxa) and calcareous assemblage show similar trends. The number of 207 agglutinated taxa is relatively stable throughout the cores (Fig. 5) . Total fossil fluxes, representing the 208 fossil fauna including both agglutinated and calcareous species, ( trend is observed in core 902, albeit that fluxes increase after 1940 CE. As calcareous taxa make up the 217 majority of the assemblage, the calcareous flux is close to the total fossil flux both in quantity and trend. 218 Trochammina spp., Reophax spp., and Cribrostomoides spp., are the most frequently observed 224 agglutinated taxa (Supplementary data B) . 225
226
Taxa with relative abundances of >5% in at least one sample in each core are shown in Fig. 4 and 6.notes) decreases in abundance towards the present, albeit that their fluxes increases (Fig. 6) . 235 M.barleeanus decreases in abundance until ~1990 CE, while Nonionellina labradorica disappears after 236
1850 CE and appears again after 1950 CE (Fig. 6) Nonionella species increase. After 1980 CE, these species continue to be more abundant, apart from 258 E.clavatum which abundance decreases towards the present (Fig. 6) . C.laevigata is more or less absent 259 apart from one sample in the top of the core. (Fig. 3) . concentrations can be considered as indicator of (natural) variability in AW inflow. 305
In both core 902 and 903, Ba, Cr, Cu, Zn and Ti, show similar trends, as do Hg and Pb. However, the 306 down core distribution in element concentration shows less similarity to either TOC or clay (Fig. 3) . It 307 should be noted that the TOC content in cores 902 and 903 is almost twice as high as in the moresouthern cores (993, 893, 897). Similar trends in TOC have been observed in surface samples by Knies 309 and Martinez (2009), attributable to the differences in oceanography along the transect. The northern 310 core sites, are located close to the AF (Fig. 1) . The TOC content of these southern sites (993, 893 and 311 897) will therefore be mainly composed of marine organic material originating from the nutrient rich 312 AW (Knies and Martinez, 2009), while the TOC at core sites 902 and 903 additionally will experience 313 TOC input from the high productivity at the AF (e.g. Sakshaug and Slagstad, 1992) . This explains the 314 higher TOC concentrations at core location 902 and 903 (Table 3) . These high TOC concentrations will 315 'overwrite' any potential signal between TOC originating from AW and metals transported by AW. This 316 is supported by the fact that concentrations of metals are not significantly higher than at the southern 317 sites, despite the potentially higher metal binding capacity of the sediments. Overall, it can be concluded that the down core distribution of metal concentrations can be attributed to 327 (natural) variability of the sediment properties (clay and TOC) and natural changes in AW inflow 328 serving as transport agent for Hg and Pb. Hence, the reconstructed range in down core metal 329 concentrations (Table 3) 
Regional trends in foraminiferal assemblages 333
The most abundant species and their environmental interpretations are summarized in Table 4 (see 334 references therein). 335
The average relative abundances of the most abundant species of the live and fossil assemblages show 336 a clear geographic trend along the Bjørnøyrenna transect (Fig. 4) . Overall, C.neoteretis, E.nipponica, 337 C.laevigata and N.auricula, associated with relatively warmer temperatures and/or AW influenced 338 bottom waters, diminish along the transect up north. Buccella spp., Islandiella spp., E.clavatum and N. 339 auricula, associated with lower bottom water temperatures and proximity to the AF, become more 340 abundant northeast along the transect. This can be explained by the decreasing seawater temperatures 341 toward the northern and central part of the Barents Sea corresponding to the known distribution of water 342 masses, with warm AW in the south and central part, and cool ArW in the north of Bjørnøyrenna ( i.e. 902 and 903 (Fig. 4) , suggests that nutrient availability at these sites might predominantly originate 352 from fresh phytodetritus produced at the high productive AF. 353
Based on these trends along the studied transect, we divided the dominating foraminiferal species into 354 two groups (Table 4) 
Temporal trends 359
Effects of natural environmental changes will be superimposed on anthropogenic induced changes. The 360 applicability of an environmental baseline must therefore always take the natural variability of the 361 processes or organisms involved into account during the relevant time interval (Wassmann et al., 2011) . 362
This natural variability might include changes in oceanography, food availability, and decadal scale 363 climatic variability. As the low metal concentrations in the studied cores, are not expected to influence 364 the foraminiferal assemblages, the down core foraminiferal assemblages will provide a high resolution 365 record of such natural variability. The down core foraminiferal distribution, together with the live 366 assemblages discussed in 6.2, are therefore considered to reflect the areas' environmental baseline and 367 its natural variability. 368
Below we discuss temporal trends in benthic foraminiferal assemblages in relation to variability of AW 369 inflow into the area, as its variability is one of the main drivers of natural environmental change in the 370 (Table 4 ) and physical parameters, the cores have been divided into three 393 intervals: ~1800-1900 CE, ~1900-1980 CE, ~1980-present (Fig. 6D) . The boundary between the 394 different time intervals differs from core to core with an offset of 10-30 years, attributable to 395 uncertainties in the age model or a delayed effect of oceanographic changes between the sites due to 396 their different geographical location (see below). The study area is divided into two regions: (a) SW 397 cores 993, 893 and 897, mainly influenced by variability in AW inflow; (b) NE cores 902 and 903, 398 influenced by both variability in AW inflow and proximity to the AF (Fig. 6) . 399
Environmental interpretation of the main foraminiferal species and corresponding references are 400 summarized in Table 4 . 401
402
Interval I: ~1800 to ~1900 CE 403
In the SW cores, 993, 893 and 897 fluxes are initially low indicating unfavorable conditions for 404 foraminifera (Fig. 6 ). Higher abundances and species flux of the cold associated species indicate initially 405 cold bottom waters (Table 4) . However, presence of C.neoteretis, E.nipponica and C.laevigata 406 additionally indicates influence of AW. The relatively high abundance of C.lobatulus in core 993 407 compared to its abundance in the other two SW cores, can be explained by the relatively high sand 408 content of the core (Fig. 3) . This indicates higher bottom current speeds at core location 993 than at the 409 other SW sites. The same is observed for the other time intervals. The decline of E.clavatum and 410 N.labradorica and overall increased total fluxes since ~1860 CE, reflect a shift from initially cool 411 conditions with low food availability to warmer conditions (Fig. 6) supported by the gradual increase of both TOC and Pb towards ~1900 CE (Fig. 3) . 417
Total calcareous fluxes are low in the NE cores 902 and 903. In these cores the relative abundance ofcold associated species (Table 4, Fig. 6 ) gradually increase, indicating Arctic conditions and proximity 420 of the AF and/or sea ice edge. High TOC values (Fig. 3 and 6 ) support the proximity of the AF/sea ice 421 edge, associated with high biological activity and fresh phytodetritus. Despite the high food availability, 422 conditions were unfavorable for the foraminifera, as indicated by the overall low total calcareous fluxes. 423
This might indicate (seasonal) presence of sea ice, which is supported by the relative high abundance of 424 Buccella spp.. Historical records on the location of the sea ice edge, report its southernmost position 425 between 1800-1900 CE (Vinje, 2001 ). Hald and Steinsund (1996) 
To summarize, during the 1800-1900 CE interval (Fig. 6 D) , the assemblages in the SW part of the study 430 area indicate AW influenced yet chilled conditions corresponding to the termination of the LIA. The 431 assemblage in the NE part of the study area indicate colder Arctic conditions and proximity to the AF 432 with potentially corrosive bottom waters. 433
434
Interval II: ~1900 to ~1980 CE 435
In the SW cores a further increase in total calcareous fluxes is observed during interval II, indicating 436 increased delivery of nutrients towards the core site, which is supported by the increasing TOC content 437 (Fig. 6) . In core 993, the higher abundance of E.nipponica indicates further warming of the water mass. 438
For core 893, the higher TOC and fluxes (Fig. 6) indicate influence of AW, albeit with relatively low 439 temperatures as indicated by the increased abundance of C.neoteretis and C.reniforme (Fig. 6) . The 440 increase of Hg and Pb at site 993 and 893 since ~1900 CE (Fig. 3) 
supports increased inflow of AW. 441
This is additionally supported by increased relative abundances of M.barleeanus in core 893. In core 442 993, the abundance of the species follows the overall decline of clay (Fig. 6 ) and high abundance of 443 C.lobatulus, all attributable to higher bottom current speeds. We therefore hypothesize that the 444 intensified inflow of AW around 1900 CE was accompanied by increased bottom current speeds at core 445 location 993. In core 897, the relatively high abundance of cold associated species, in combination with 446 presence of warm associated species, indicates a mixture of AW and ArW, i.e. BSW. The latter indicates 447 less influence of AW at site 897, compared to the previous time interval (Fig. 7D) . 448
For core 902, the increased total calcareous flux and relative abundance of both E.nipponica andenhanced food availability, and hence inflow of AW. Simultaneously cool (and fresh) conditions are 451 supported by higher relative abundances of the cold associated species ( 
Interval III: ~1980 to present 486
After ~1980 CE the increased abundance of warm associated species, and increasing total calcareous 487 flux and TOC (Fig. 6) , indicate enhanced inflow of AW and warming of the water mass in the SW cores, 488 albeit with a delay of ~10 years for core 897. The increased abundances and species fluxes ofFor the top part of NE core 902, the increase in total calcareous flux and abundances of E.nipponica 494 and C.neoteretis suggest a further warming of the water mass and enhanced inflow of AW. The warming 495 is supported by a decline in Buccella spp., E.excavatum, and N.labradorica (Fig. 6) . Despite presence 496 of AW, the abundance of C.laevigata is close to zero/absent, suggesting that conditions are too cold or 497 fresh for the species. A similar trend is observed in core 903. Presence of both cold species and increased 498 abumdance of Atlantic species suggest dominance of BSW. The observed signal of higher Hg and Pb 499 concentration, with increased inflow of AW occurred, as observed in the SW cores, is to some extent 500 visible in core 902 (Fig. 3) . The Hg and Pb content of core 903 does not show a clear increase in 501 concentrations after 1980 CE (Fig. 3) , as a result of the high productivity of the front, diluting the 502 
Summary and conclusion 516
Metal concentrations, sediment properties and benthic foraminiferal assemblages were investigated in 517 five sediment cores along a SW-NE transect in the Bjørnøyrenna trough, to gain insight into the temporal 518 natural variability of these parameters in addition to Atlantic Water inflow since 1800 CE. Additionally, 519 the data set serves as an environmental baseline for monitoring potential future environmental impacts 520 associated with petroleum industry activities and other anthropogenic activities in the area. With the 521 expected increase in industrial activities, this will be of importance. 522
Overall, metal concentrations are considered to be of background/no effect levels (class I and II; Bakke 523 
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